I discuss Beyond Leading Logarithm parton distributions in the photon and study the constraints put on the latter by data on F γ 2 (x, Q 2 ), and on the jet production in photo-proton and photon-photon collisions.
Introduction
For the past fifteen years, the photon structure function F γ 2 (x, Q 2 ), measured in deep inelastic lepton-photon scattering ( Fig. 1) , has generated considerable theoretical and experimental work [1] , and, more recently, the beginning of HERA has reactivated the interest in the quark and gluon distributions in real photons. It is indeed expected that photoproduction experiments [2, 3] will allow to measure these distributions with a good precision. Another interest of photoproduction reactions consists in the coupling of the gluon (from the photon) to the hard subprocesses ( Fig. 2 ) which offers a direct determination of its distribution [4] :
in γγ * DIS experiments it is only through the evolution equations for F Jet production in γγ collisions also offers the possibility to measure the quark and gluon distributions in real photons, and data from TRISTAN [5, 6] In this talk, I would like to discuss the photon structure function, stressing the importance of the Higher Order QCD corrections, of the factorization scheme and of the problem of the non perturbative input to F and discuss the possibility to obtain indications on the non perturbative input from data. Finally I will consider jet production in γγ collisions and in photoproduction and the constraints put by the data on the quark and gluon distributions.
The parton distributions in the photon
The parton contents of the photon can be measured in deep inelastic scatte ring experiments in which the virtual photon γ * of momentum q (
probes the short distance behavior of the real photon γ of momentum p (Fig. 1 ).
The structure function F γ 2 of this reaction is proportional, in the Leading Logarithm (LL) approximation, to the quark distributions in the real photon
It is instructive to consider the contribution to F γ 2 of the lowest order diagrams of Fig. 3 . Contrarily to the case of a hadronic target, the lower part of the diagram is known : it is given by the coupling of photon to quark. 
However our result (2) is not directly related to a physical process, because it depends on the unknown quark mass m f , used as a cut-off to regularize a logarithmic divergence. Actually this perturbative approach is certainly not valid when the virtuality |k| 2 of the exchanged quark becomes small. We then go into a non perturbative domain where we lack theoretical tools and we must resort to models to describe non perturbative (NP) contributions to F The latter component contributes to F γ 2 and must be added to expression (2) .
Keeping only the term in (2) proportional to ℓn Q 2 /m 2 f (LL approximation), we write
The scale Q We have to keep in mind that this way of treating the non perturbative part of F γ 2 is due to our lack of theoretical understanding of this contribution. There are other approaches [9] , especially that of Ref. [10] which takes into account the interaction between the quarks and the gluon condensate. These different approaches must ultimately be compared with experiment.
QCD corrections to the diagrams of Fig. 3 do not change the basic structure of expression (3). In the LL approximation [11, 12] , the perturbative quark distribution is given by the sum of ladder diagrams ( whereas the non perturbative part acquires a Q 2 -dependence which is identical to that of a quark distribution in a hadron. Thus the total quark and gluon distributions are given by (AN is for anomalous, a designation introduced in Ref.
11 for the perturbative distribution)
which verify the inhomogeneous equation (i, j = q,q, g)
As in (3) we introduce the boundary condition
q (x) is the moment of the Altarelli-Parisi kernel describing the splitting of a photon into apair (the bottom rung of the ladder) whereas P (0) ij are the usual AP kernels.
The modifications of these LL results due to Higher Order (HO) QCD corrections [14, 15, 16] are obtained by replacing the LL kernels of (5) by kernels involving HO contributions
and by a modification of the expression of F γ 2 in terms of parton distributions (the gluon contribution is now explicitly written)
where C γ is the "direct term", given by the part of (2) not proportional to ℓn
C q and C g are the well-known Wilson coefficients which are identical to those found in the case of a hadronic target.
A delicate point when working beyond the LL approximation is that of the factorization scheme. A change in the factorization scheme is translated into a change in k (1) and C γ but in such a way that the physical quantity F can be described by VDM has no meaning, unless one specifies in which factorization scheme it is valid.
Within the M S scheme we obtain for C γ the expression given by the part of Eq. (2) not proportional to ℓnQ 2 /m 2 f . We observe that the ℓn(1 − x) factor becomes very large near the boundary of phase space and then it does not appear as a correction in Eq. (7) since it may become numerically larger that the leading terms q γ which are enhanced by a factor 1/α s . In order to keep the concept of a perturbative expansion useful, it is proposed in [17] to introduce the DIS γ factorization scheme where the choice
is made. The parton distributions thus defined satisfy an evolution equation of type (5, 6) with the inhomogeneous terms k (1) replaced by
as can be immediately derived by expressing the M S parton distributions q γ in terms of their DIS γ counterparts
in Eq. (5, 6) . Note that the homogeneous terms are not affected by this transformation. It is shown in [17] that, in this convention, the leading logarithmic and the beyond leading logarithmic parton distributions remain very close to each other over the all range in x.
We adopt here a different approach which also absorbs the troublesome "large" ℓn(1 − x) terms with the added advantages that the parton distributions we define are universal (i.e. independent of the reference process) and obey the M S evolution equations, as all hadron structure functions in practical use today. A careful analysis [18] of the box diagram (Fig. 3 ) indeed shows that it is possible to define a factorization-scheme-invariant non perturbative inputq NP γ (n, Q 2 ), related to the non perturbative input defined in (4) by the relation
with C 0 (x) given in the M S scheme by
Actually all the scheme dependence of q [19] . The sensitivity to the C 0 (x) term of Eq. (11) is also shown, as well as the sensitivity to the value of Q 2 0 . A similar comparison with JADE data [20] is displayed in Fig. 6 on which we can observe the effect of the non perturbative input described by VDM. We clearly see from these comparisons that a satisfactory agreement is obtained between theory and experiment but the accuracy of the data are not good enough to put constraints on the non perturbative input and on the value of Q 2 0 .
Let us however notice that we compared with large-Q 2 data corresponding to an important contribution of the anomalous distribution (Eq. 4) which has a term proportional to ℓnQ 2 /Λ 2 . The low-Q 2 region emphasizes the role of the non perturbative input as it can been observed in Fig. 7 which displays PLUTO [21] and TOPAZ [22] data. The nice agreement of the theoretical prediction with these data shows that the non perturbative input is reasonably described by VDM and a value Q 2 0 = .5 GeV 2 . Fig. 7 : PLUTO data [21] and TOPAZ data [22] . Same as fig. 6 .
In this talk I only give comparisons between the distributions functions of
Ref. [18] and some data. Two other Beyond Leading Logarithm (BLL) parametrizations of the parton distributions in the photon exist [23, 24] , similar to the one presented here. The interested reader can find a discussion of these parametrizations and more comparisons with data in Ref. [25] .
Jet production in γγ collisions and in photoproduction
The jet production in γγ collisions is a powerful tool for measuring parton distributions in the photon ; the cross-section is indeed very sensitive to these distributions since they may intervene twice in calculations. In this reaction, as in the photoproduction case, it is important to compare the experimental results with theoretical expressions calculated beyond the Leading Logarithm approximation.
It is only under these conditions that precise parton distributions can be extracted from data. A detailed discussion of the jet production at TRISTAN has been given in Ref. 7 that I summarize here.
When an inclusive jet cross-section is calculated beyond the LL aproximation, both the parton distributions and the subprocesses must be corrected. For instance, let us consider the reaction of Fig. 2 which can be symbolically written
where P i γ and P j P are the parton distributions in the photon and in the proton, and where σ is the subprocess cross-section. Expanding P i γ and σ in power of α s , we obtain an expression
which shows the Leading Logarithm contributions to the jet cross-section (associated with a i and σ
BORN i
which describe the 2 → 2 subprocesses), and the BLL QCD corrections coming from b i and K ij . I do not discuss the well-known parton distributions in the proton and concentrate on the incident photon.
The term b i describes the effects of the HO corrections to the evolution equation (5) and it is proportional to k (1) , P (1) (cf. eq. (6)) and β 1 (the two-loop coefficients of the function β(α s )). These parton distributions have been discussed in section 2.
The HO terms K ij correspond to 2 → 3 subprocesses and to virtual corrections to the 2 → 2 Born subprocesses. They contain terms which compensate the scaledependence of the LL expressions and make the corrected inclusive cross-section more stable with respect to variations of the renormalization and factorization scales µ and M [7] .
The theoretical results compared below with TRISTAN data are obtained with the distribution functions described in section 2 ; they include BLL QCD corrections and the scales have been set equal to p ⊥ : µ = M = p ⊥ . The effects of the convolution with the Weizsäcker-Williams photon spectrum in the electron is also carefully discussed in Ref. [7] . dη dσ e + e − →jet dp T dη
. The top curve is the theoretical prediction based on the standard photon structure functions, the middle one is based on structure functions with half the VDM input, and the lower one is based on the perturbative component only. The dash-dotted curve is the "direct contribution". dη dσ/dp ⊥ dη. The top curve is the theoretical prediction based on the standard photon structure functions.
We observe a good agreement between theory and data in which the contribution due to the parton distributions in the photon play an essential role. Without the latter, the theoretical prediction would be given by the dash-dotted curve of Fig. 8 . We also notice that the theoretical cross-section is not very sensitive to the non-perturbative inputs of the parton distributions : so that we can say that the good agreement found in Fig. 8 and 9 is a great success of perturbation QCD.
The observed disagreements for p ⊥ smaller than 5 GeV/c may be, at least partly, attributed to the fact that we neglected the charm quark mass in our calculations, thus enhancing by some 15 % the cross section at p ⊥ = 3 GeV/c [7] .
Let us conclude this study of γγ collisions by saying that more precise data should certainly improve the quality of the test of QCD and shall allow us to constrain the non-perturbative inputs.
The photoproduction of large-p ⊥ jet at HERA is another source of novel indications concerning the parton distributions in the photon (Fig. 2) . In this case as well BLL calculations of the jet cross-section are available [4, 26] and may be compared with recent experimental results [27, 28] . In Fig. 10 a comparison between a theoretical prediction [8] and data [27] is displayed. We notice a reasonable agreement between theory and data. Dashed and dotted lines in Fig. 10 show the sensitivity of this jet cross-section to the gluon contents of the photon and of the proton, and demonstrate that the rapidity dependence is a very good tool to explore and measure these distributions.
Conclusion
In this talk I have presented a set of parton distributions in real photons which take into account Beyond Leading Logarithm QCD corrections. I also showed how to modify the non perturbative input to make it factorization scheme independent.
The agreement between theory and data is satisfactory as regards the photon structure function F γ 2 (x, Q 2 ). However large error bars do not allow us to draw any definite conclusion and make necessary the comparison with other experimental results.
Particularly promising is the jet production in photon-hadron and photonphoton reactions. The sensitivity of the cross-sections to the parton distributions is large and should allow a good determination of the gluon contents of the photon. The good agreement between theory and data in what concerns the jet cross-section dσ(γγ → jet + X)/d p ⊥ dη is a success for perturbative QCD.
